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1
RFID SYSTEM WITH DISTRIBUTED READ
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is in the field of devices and methods for
radio frequency identification (RFID).

2. Description of the Related Art

Radio frequency identification (RFID) tags and labels (col-
lectively referred to herein as “devices”) are widely used to
associate an object with an identification code. RFID devices
generally have a combination of antennas and analog and/or
digital electronics, which may include for example commu-
nications electronics, data memory, and control logic. For
example, RFID tags are used in conjunction with security
locks in cars, for access control to buildings, and for tracking
inventory and parcels.

As noted above, RFID devices are generally categorized as
labels or tags. RFID labels are RFID devices that are adhe-
sively or otherwise have a surface attached directly to objects.
RFID tags, in contrast, are secured to objects by other means,
for example by use of a plastic fastener, string or other fas-
tening means.

RFID devices include active tags and labels, which include
a power source, and passive tags and labels, which do not. In
the case of passive devices, in order to retrieve the informa-
tion from the chip, a “base station” or “reader” sends an
excitation signal to the RFID tag or label. The excitation
signal energizes the tag or label, and the RFID circuitry trans-
mits the stored information back to the reader. The RFID
reader receives and decodes the information from the RFID
tag. In general, RFID tags can retain and transmit enough
information to uniquely identify individuals, packages,
inventory and the like. RFID tags and labels also can be
characterized as those to which information is written only
once (although the information may be read repeatedly), and
those to which information may be written to repeatedly
during use. For example, RFID tags may store environmental
data (that may be detected by an associated sensor), logistical
histories, state data, etc.

With increased use of RFID devices it becomes increas-
ingly important to improve communication with such
devices. Therefore it will be appreciated that improvements
are possible for RFID devices and systems for communicat-
ing with such devices.

SUMMARY OF THE INVENTION

According to an aspect of the invention, a radio frequency
identification (RFID) reader communicates by proximity
coupling or near field coupling, with a coupler that is con-
nected to a distributed read structure.

According to another aspect of the invention, an RFID
system includes a portable RFID reader and a distributed read
structure, wherein the RFID reader and the distributed read
structure communicate by proximity coupling or near field
coupling.

According to yet another aspect of the invention, a portable
RFID includes separate antennas for far field and proximity or
near field communication.

According to still another aspect of the invention, a read
infrastructure for radio frequency identification (RFID)
devices includes: a distributed read structure for near field
coupling with RFID devices; and a coupler, electrically con-
nected to the read structure, for proximity coupling to an
RFID reader.
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According to a further aspect of the invention, a method of
reading radio frequency identification (RFID) devices
includes the steps of: operatively coupling the RFID devices
to a distributed read structure of a read infrastructure; opera-
tively coupling an RFID reader to a coupler of the read infra-
structure; and reading the RFID devices through the read
infrastructure to the RFID reader.

According to a still further aspect of the invention, a
method of taking inventory includes the steps of: providing
objects with RFID devices in or on a display device having a
read infrastructure; placing an RFID reader in proximity cou-
pling with a coupler of the read infrastructure; and initiating
communication between the RFID reader and the RFID
devices, through the coupler and through a distributed read
structure of the read infrastructure.

According to another aspect of the invention, a point of sale
display includes: a display having a plurality of objects dis-
posed thereon, with each of the objects having an RFID
device attached thereto; and a read structure for operating in
two separate modes. The RFID devices are read through one
of the two separate modes.

To the accomplishment of the foregoing and related ends,
the invention comprises the features hereinafter fully
described and particularly pointed out in the claims. The
following description and the annexed drawings set forth in
detail certain illustrative embodiments of the invention.
These embodiments are indicative, however, of but a few of
the various ways in which the principles of the invention may
be employed. Other objects, advantages and novel features of
the invention will become apparent from the following
detailed description of the invention when considered in con-
junction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings, which are not necessarily to
scale:

FIG. 11is an oblique view of an RFID system in accordance
with an embodiment of the present invention;

FIG. 2 is a schematic diagram of the RFID reader of the
RFID system of FIG. 1;

FIG. 3 is an oblique view of the antenna of the RFID reader
of FI1G. 2;

FIG. 4is aplan view of a display device of the RFID system
of FIG. 1;

FIG. 5 is an oblique view showing near field coupling
between an RFID read antenna and a read infrastructures
coupler, both of the RFID system of FIG. 1;

FIG. 6 is an oblique view of an alternate configuration for
the read infrastructure coupler of the RFID system of FIG. 1;

FIG. 7 is a schematic diagram of an alternate configuration
of'the RFID reader of the RFID system of FIG. 1; and

FIG. 8 is an oblique view illustrating RFID systems used
for an inventory system in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION

A radio frequency identification (RFID) system includes a
portable RFID reader, and a read infrastructure that includes
a distributed read structure, which may be part of a display
(such as a shelf) for holding objects. The read structure is used
to couple the RFID reader to RFID devices (tabs and/or
labels) on or near the structure. The RFID reader and the read
structure communicate in a proximity or near field commu-
nication, without any use of a direct ohmic electrical connec-
tion. The RFID reader may also be able to communicate with
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RFID devices using far field communication. The RFID
reader may have an antenna that is configured for proximity
or near field communication with a coupler of the read infra-
structure. The RFID reader may also have a separate antenna
for use in far field communication. Electronics of the RFID
reader may select between a near field mode of operation
(optimized for near field communication with the coupler of
the read structure), and a far field mode of operation for far
field communication with individual or multiple RFID
devices. The RFID reader may be able to obtain information
more efficiently in the proximity or near field mode, allowing
information to be received faster and with greater reliability
than in far field communication with the individual RFID
devices coupled to objects.

The term “far field” is used in contrast to the “near field”
thatis closer to antenna. Both terms describe the fields around
an antenna (or any other electromagnetic radiation source). In
athree region model, the far field is where the dominant terms
in Maxwell’s equation are those proportional to 1/r, whereris
the distance from the antenna (or other radiation source). The
near field encompasses a reactive field or Frenel zone, where
the dominant terms are proportional to 1/r>, and a near radia-
tion field or transition zone, where the dominant terms are
proportional to 1/r*. The boundary between the near field and
the far field is often taken to be (and may be considered herein
as) a distance from the antenna equal to A/27, where A is the
wavelength of the radiation being emitted by the antenna.
Further details regarding the boundary between the near field
and the far field may be found in Capps, Charles, Near field or
far field?, EDN, Aug. 16, 2001, available at www.edn.com/
contents/images/150828.pdf.

“Proximity coupling” or “proximity field coupling” occurs
at a range that goes beyond near field coupling, beyond the
reactive near field and the radiating near field to include a
farther region in which sufficient energy may be transferred to
operate tags via a distributed read structure. The boundary
between the near field and the far field is often taken to be a
distance from the antenna equal to A/27w, where A is the wave-
length of the radiation being emitted by the antenna, although
it should be realized that sufficient energy is available to
operate a RFID device designed to couple via magnetic or
electric field coupling at ranges much greater than this
depending on the distributed antenna design and power input
via the coupler. It is commonly understood that the region
where powering via a primarily single field component,
retaining the advantageous characteristics of near field cou-
pling, is possible out to approximately 1 wavelength away
from the read system. Therefore proximity coupling, as the
term is used herein, is defined as extending out to a range of
about 1 wavelength of energy emitted, away from the read
system.

Although the proximity region as defined herein extends
beyond the near field region as defined above, the term “far
field” will be used herein at times to refer to the region beyond
the proximity region where proximity coupling occurs. Thus
“far field,” as used herein, thus may refer to either beyond the
near field or beyond the proximity field (which includes the
near field region, but extends farther than the near field
region).

FIG. 1 shows an RFID communication system 10 that
includes an RFID reader 12 and a read infrastructure 13 that
includes a distributed read structure 14. The read structure 14
may be part of a display device 16, such as a shelf or other
point of sale device, that has plural objects 18 on or in it. Each
object 18 has an RFID device 20 (tag or label) coupled to it.
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The RFID reader 12 may be a portable reader, for example
being a handheld device or a device on a vehicle, such as a
forklift truck.

FIG. 2 shows a schematic diagram of the RFID reader 12.
The reader 12 includes one or more antenna 22, and reader
electronics 24. The electronics 24 control communication
between the reader 12 and other devices, such as the RFID
devices 20. The electronics 24 may also include electronics to
communicate with external devices other than the RFID
devices 20 (FIG. 1). For example the electronics 24 may be
configured to communicate with an external computer, to
send and/or receive data. The electronics 24 may be embodied
in hardware and/or software.

FIG. 3 shows an example of a configuration of the reader
antenna 22. The illustrated example antenna 22 is a half wave
patch antenna, with a conductive half wave element 26 on a
front surface of a dielectric layer 28. A ground plane 30 is
located on the back surface of the dielectric layer 28. A
coaxial cable 32 is connected to both the half wave element 26
and the ground plane 30. The cable 32 is connected to the half
wave element 26 at a feed point 36 that is offset from the
center of the half wave element 26. The amount offset defines
the matching impedance to the antenna, which is commonly
chosen to be close to 50 ohms.

The reader antenna 22 configuration shown in FIG. 3 has
good characteristics for near field or proximity capacitive
coupling, although the half wave patch antenna also has good
far field characteristics. It will be appreciated that the antenna
configuration illustrated is only one configuration of a wide
variety of possible configurations for the antenna 22.

With reference in addition to FIG. 4, the display device 16
includes the distributed read structure 14 of the read infra-
structure 13, for communicating with the RFID devices 20 on
the objects 18. The distributed read structure 14 may include
a series of conductive strips or patterns 38 on one or more
surfaces of the display device 16. The conductive strips or
patterns 38 of the distributed read structure 14 may be con-
figured to produce a radio frequency (RF) field between the
conductors, for detecting the RFID devices 20. To this end,
the conductors 38 may be closely spaced, with a small space
between them. This generates an electric field that may be
suitable for near field or proximity communication with the
RFID devices 20. The RFID devices 20 may be placed in
similar positions on the objects 18 so that the RFID devices 20
are in close proximity to the read structure 14 when the
objects are placed in or on the display device 16. Examples of
distributed read structures are disclosed in U.S. Pat. No.
7,059,518 (“the °518 patent”), the figures and detailed
description of which are herein incorporated by reference. It
will appreciated that the conductors of the distributed read
structure 14 may take any of a wide variety of configurations,
only a few of which are disclosed in the 518 patent.

The display device 14 may be any of a variety of devices for
holding and/or displaying objects. Examples include a shelf,
a clothes rack for hanging clothing on, a rack in a warehouse,
and a container such as a bin for holding objects. The objects
may be a wide variety of items that may be displayed for sale,
for storage, or for other purposes. Examples are far too
numerous to list, but might include clothing items, bottles of
pharmaceuticals, books, and DVDs or other types of media.

The distributed read structure 14 is connected to a read
structure coupler 46 that is used to accomplish near field or
proximity coupling with the reader 12. The read structure
coupler 46 may be connected to the read structure 14 by a
coaxial cable 50 or another suitable conductor. The read
structure coupler 46 is configured to interact with the antenna
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22 to efficiently accomplish near field or proximity commu-
nication between the distributed read structure 14 and the
RFID reader 12.

The read infrastructure is described above as a passive
device, in that it only acts as a distributed antenna to allow the
RFID reader to communicate with the RFID devices. It will
be appreciated that alternatively the read infrastructure may
have some ability to independently communicate with the
RFID devices, and perhaps store information. In such an
active or semi-active configuration the read infrastructure
may include other suitable parts such as a powered amplifier.
Suitable amplifiers would be a single direction unit, which
amplifies the RF power in the reader-to-tag link, with a bypass
in the tag-to-reader link, or a bi-directional amplifier, which
enhances signals in both directions. Of course it will be appre-
ciated that use of amplifiers will require use of power source.

FIG. 5 shows proximity or near field coupling between
example configurations of the reader antenna 22 and the read
structure coupler 46. The antenna 22 is a half wave antenna
configuration that has been described above with regard to
FIG. 3. The coupler 46 includes a central active patch or plane
54 of conductive material, flanked by a pair of outer ground
patches or planes 56 of conductive material. The central
active patch 54 is coupled to a center conductor 60 of the
coaxial cable 50. The ground patches 56 are coupled to an
outer (ground) conductor 62 of the coaxial cable 50. The
coupling is an efficient proximity or near field coupling, a
capacitive and/or magnetic dominated coupling, which
allows efficient communication between the antenna 22 and
the read structure coupler 46. It will be appreciated that the
read structure coupler 46 may have any of a wide variety of
alternative configurations.

FIG. 6 shows an alternative configuration for the read
structure coupler 46. The read structure coupler 46 shown in
FIG. 6 includes a microstrip 70 or other transmission line with
proximity or near field electric and magnetic fields. Intercon-
nections 72 from the sides of the microstrip 70 are used to
connect the microstrip 70 to the distributed read structure 14
(FIG. 4). Such a microstrip 70 can be placed along the edge of
a shelf, for example. The read antenna 22 (FIG. 3) may be
passed along the length of the microstrip 70 to cause proxim-
ity or near field communication between the antenna 22 and
the microstrip line 70. The configuration shown in FIG. 6 may
be placed along segments of a row of shelves, allowing the
read structures to be communicated with by moving a reader
along the edge of the row of shelves.

The RFID reader 12 may also be capable of far field com-
munication with the individual RFID devices 20 (FIG. 1). In
doing so the RFID reader 12 may utilize the antenna 22 that is
also used for proximity or near field communication with the
read structure coupler 46. Alternatively, as shown in FIG. 7,
the RFID reader 12 may have a pair of antennas 22 and 76.
The antenna 22 may be optimized for proximity or near field
communication with read structure coupler 46 (FIG. 4). The
antenna 76 may be optimized for far field communication
directly with the RFID devices 20 (FIG. 1). The antennas 22
and 76 may be different types of antennas, with the illustrated
embodiment showing the antenna 22 as a half wave patch
antenna and the antenna 76 as a dipole antenna. It will be
appreciated that a wide variety of possible antenna types,
sizes, and configurations are possible for the antennas 22 and
76.

The reader electronics 24 (FIGS. 2 and 7) may be config-
ured to communicate differently for proximity or near field
communication, and far field communication. The differ-
ences in communication may include differences in fre-
quency of communication, power utilized, and communica-
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tion protocols. These differences between proximity
communication and far field communication may be present
whether the reader has one antenna for both types of commu-
nication, or separate antennas for proximity or near field
communication, and far field communication.

It will be appreciated that optimizing the communication
parameters for proximity and far field operation may improve
efficiency for both types of communication. For example, the
proximity communication between the reader 12 and the read
structure 14 may involve communicating information on all
the RFID devices 20 in or on the display 16 in a single
coupling between the reader 12 and the read structure 14.

The reader electronics 24 may be configured to detect
proximity or near field communication in any of a variety of
ways. As one example, a specifically coded RFID device
could be coupled to the read structure 14. The reader elec-
tronics 24 could be configured to shift into proximity or near
field mode, suitable for proximity or near field communica-
tion, when information regarding the specifically coded RFID
tag is transmitted to the reader 12. In addition, the specifically
coded RFID tag may be used to send other information, such
as identifying the location of the display device 16.

With regard to the dual antenna reader 12 of FIG. 7, another
way is possible of selecting between proximity or near field
mode, and far field mode. The reader 12 may be configured to
periodically transmit on both of the antennas 22 and 76 (FIG.
6), and to utilize the antenna 22 and 76 with the lowest return
loss.

Alternatively, if the far field antenna 76 exceeds has a
return loss that exceeds a fixed level, this may be taken as an
indication that the reader 12 is in proximity to a proximity or
near field structure (such as the read structure coupler 46). In
such a situation the reader 12 may change its read parameters
to those of the proximity or near field mode.

FIG. 8 illustrates use of the system as part of an inventory
system, such as in a store. The RFID reader 12 is coupled to
successively to read infrastructures 13 that are parts of display
devices 16, such as shelves. This allows communication with
RFID devices 20 on the objects 18 that are on the shelves. The
reader 12 may also communicate with other objects 80 that
are not on the display devices 16, through far field coupling.

It will be appreciated that the RFID systems described
above, with the various configurations of the RFID reader and
the distributed read system, allows more efficient communi-
cation of information from individual RFID devices. The
information on the RFID devices may be passed efficiently
from the distributed read system to a portable RFID reader
using proximity or near field coupling, while still allowing for
independent far field coupling using the same RFID reader.

Although the invention has been shown and described with
respect to a certain preferred embodiment or embodiments, it
is obvious that equivalent alterations and modifications will
occur to others skilled in the art upon the reading and under-
standing of this specification and the annexed drawings. In
particular regard to the various functions performed by the
above described elements (components, assemblies, devices,
compositions, etc.), the terms (including a reference to a
“means”) used to describe such elements are intended to
correspond, unless otherwise indicated, to any element which
performs the specified function of the described element (i.e.,
that is functionally equivalent), even though not structurally
equivalent to the disclosed structure which performs the func-
tion in the herein illustrated exemplary embodiment or
embodiments of the invention. In addition, while a particular
feature of the invention may have been described above with
respect to only one or more of several illustrated embodi-
ments, such feature may be combined with one or more other
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features of the other embodiments, as may be desired and
advantageous for any given or particular application.

What is claimed is:

1. A system for reading radio frequency identification
(RFID) devices, comprising:

a distributed read structure coupled to a read structure
coupler for proximity coupling with RFID devices
within one wavelength of radiation emitted by the read
structure;

the read structure coupler including one of 1) a central
active patch or plane of conductive material flanked by a
pair of outer ground patches or planes of conductive
material or ii) a microstrip or other transmission line;
and

wherein an RFID reader having an antenna, in a near field
mode of operation, can couple with the RFID device
through the read structure coupler and the read structure,
and

wherein the RFID reader, in a far field mode of operation,
can couple with the RFID device independent of the read
structure coupler and the read structure such that the
RFID reader utilizes the antenna for both the near field
and far field mode,

wherein the RFID reader selects between the near field
mode of operation and the far field mode of operation by
periodically transmitting in each mode of operation and
selecting the mode of operation with the lowest return
loss and if the antenna, when utilized in far field mode,
has a return loss that exceeds a fixed level, the RFID
reader may select the near field mode of operation and

wherein communication between the RFID reader and the
read structures involves communicating information on
all RFID devices in a single coupling between the RFID
reader and the read structure.

2. The system of claim 1, further comprises a display

device.

3. The system of claim 2, wherein the display device fur-
ther includes a shelf with at least part of the distributed read
structure thereupon.

4. The system of claim 3, wherein at least some of the RFID
devices are attached to respective objects that are on or in the
display device.

5. The system of claim 1, wherein the RFID reader
includes:

electronics coupled to the antenna; and

wherein the electronics include electronics for operating
the RFID reader in two separate modes:

the near field mode in which the RFID reader communi-
cates by proximity coupling; and

wherein the RFID reader communicates in the far field
mode by far field coupling.

6. The system of claim 1, wherein the antenna is a patch

antenna.

7. The system of claim 1, wherein the RFID reader is a
portable RFID reader.

8. The system of claim 1, wherein the read structure further
includes conductive patterns that generate electrical fields
between the conductive patterns for proximity communica-
tion with the RFID devices.

9. The system of claim 1, wherein the read structure cou-
pler further includes multiple conductive plates.

10. A method of reading radio frequency identification
(RFID) devices, the method comprising:

operatively coupling the RFID devices to a distributed read
structure of a read infrastructure in which the read infra-
structure includes an amplifier;
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operatively coupling an RFID reader to a coupler of the

read infrastructure;

reading the RFID devices through an antenna of the RFID

reader wherein the RFID reader, in a near field mode of
operation, can couple with the RFID device through the
coupler and the read structure, and the RFID reader, in a
far field mode of operation, can couple with the RFID
device independent of the coupler and the read structure
such that the RFID reader utilizes the antenna for both
the near field and far field mode; and

wherein the RFID reader selects between the near field

mode of operation and the far field mode of operation by
periodically transmitting in each mode of operation and
selecting the mode of operation with the lowest return
loss, and if the antenna of the RFID reader, when utilized
in far field mode, has a return loss that exceeds a fixed
level, the RFID reader may select the near field mode of
operation;

wherein communication between the RFID reader and the

read structures involves communicating information on
all RFID devices in a single coupling between the RFID
reader and the read structure.

11. The method of claim 10, wherein the operative cou-
pling between the RFID devices and the distributed read
structure is proximity coupling.

12. The method of claim 10, wherein the operative cou-
pling between the RFID reader and the coupler is proximity
coupling.

13. The method of claim 10,

wherein the RFID reader is a portable RFID reader; and

wherein the operatively coupling the RFID reader to the

coupler includes moving the antenna of the RFID reader
into proximity coupling with the coupler.

14. The method of claim 10,

wherein the near field mode differs from the far field mode

of the RFID reader in one or more of frequency of
communication, power utilized, and communication
protocol.

15. The method of claim 10,

wherein the read infrastructure further comprises a display

device; and

wherein the RFID devices are mechanically attached to

respective objects that are on or in the display device.

16. A method of taking inventory, the method comprising:

providing objects with RFID devices in or on a display

device having a read infrastructure;
placing a dual antenna of an RFID reader in proximity
coupling with a coupler of the read infrastructure; and

initiating communication between the RFID reader and the
RFID devices, through the coupler and through a dis-
tributed read structure of the read infrastructure wherein
the RFID reader, in a near field mode of operation, can
couple with the RFID device through the coupler and the
read structure, and wherein the RFID reader, in a far field
mode of operation, can couple with the RFID device
independent of the coupler and the read structure such
that the RFID reader utilizes the dual antenna for both
the near field and far field mode; and

wherein the RFID reader selects between the near field

mode of operation and the far field mode of operation by
periodically transmitting in each mode of operation and
selecting the mode of operation with the lowest return
loss and if the dual antenna of the RFID reader, when
utilized in far field mode, has a return loss that exceeds a
fixed level, the RFID reader may select the near field
mode of operation;
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wherein communication between the RFID reader and the
read structures involves communicating information on
all RFID devices in a single coupling between the RFID
reader and the read structure.

17. A point of sale system, comprising:

a display having a plurality of objects disposed thereon,
with each ofthe objects having an RFID device attached
thereto; and

a read structure connected to a read structure coupler for
operating in two separate modes;

wherein the RFID devices are read through one of the two
separate modes and wherein an antenna of an RFID
reader, in a near field mode of operation, can couple with
the RFID device through the coupler and the read struc-
ture, and wherein the antenna of the RFID reader, in a far
field mode of operation, can couple with the RFID
device independent of the coupler and the read structure
such that the RFID reader includes reader electronics

10

and the RFID reader utilizes the antenna for both the
near field and far field mode; and

wherein the RFID reader selects between the near field
mode of operation and the far field mode of operation by
periodically transmitting in each mode of operation and
selecting the mode of operation with the lowest return
loss and if the antenna of the RFID reader, when utilized
in far field mode, has a return loss that exceeds a fixed
level, the RFID reader may select the near field mode of
operation;

wherein the RFID reader electronics communicate differ-
ently for near field and far field mode; and

wherein communication between the RFID reader and the
read structures involves communicating information on
all RFID devices in a single coupling between the RFID
reader and the read structure.
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